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Abstract Dry etching is required to microfabricate 4H-SiC-based microelectromechanical system (MEMS)
devices, such as pressure sensors and microwave power semiconductor devices. The processing efficiency can be
boosted by improving the etching rate. However, adjusting the etching rate of 4H-SiC by manipulating etching
process parameters not only changes the etched surface roughness, but also impacts the surface roughness of the
etched surface. To achieve excellent pattern morphology and improve the etching mask lift-off quality while
simultaneously improving the etching rate and reducing the surface roughness need of 4H-SiC, we optimized the
photolithography process parameters, including exposure mode, exposure time, and development time, to meet the
development need of 4H-SiC MEMS devices. We investigated the effects of etching process parameters (such as

etching gas content, chamber pressure, and radio-frequency power) on etching rate and surface roughness in reactive
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ion etching (RIE) with SF; and O, as etching gas and Ni as an etching mask. The results show that a flat atomic

surface can be achieved by optimizing etching process parameters. The etching rate of 4H-SiC is 292. 3 nm/min and

root-mean-square (RMS) roughness is 0. 56 nm when the flow of SF; and O, is 330 and 30 mIL./min, respectively,

the chamber pressure is 4 Pa, and RF power is 300 W. High-quality etched surfaces with a high etching rate can be

obtained using optimized etching process parameters.
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Fig. 1 Schematic illustration of experimental flow (Step 1: 4H-SiC substrate cleaning; Step 2: photoresist spin coating; Step 3:

exposure; Step 4: development; Step 5: coating; Step 6: lift-off; Step 7: RIE; Step 8: mask removing and 4H-SiC

substrate cleaning)
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Fig. 2 Schematic illustration of step height measurement. (a) Step height £, between mask and 4H-SiC substrate after lift-off;

(b) step height A, between the mask and 4H-SiC etched surface after RIE etching; (c) step height A4 between 4H-SiC

unetched surface and 4H-SiC etched surface after mask removal
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Fig. 3 SEM images of different photoresists after exposure and development. (a) S1818 photoresist; (b) AR-N4340 photoresist;
(c) ROL-7133 photoresist; (d) AZ2070 photoresist
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Fig. 4 Influence of exposure mode on photolithography. (a) Schematic illustration of exposure; (b) optical microscopy image of

graphic photoresist in micro-force contact exposure mode;

(c) optical microscopy image of graphic photoresist in soft

contact exposure mode
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Fig. 5 Optical microscopy images of patterned photoresist with different exposure time and development time. (a)—(c) Exposure

time is 5, 10, and 20 s, respectively, and development time is kept at 20 s; (d)—(e) exposure time is kept at 20 s, and

development time is 16 and 20 s, respectively
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Fig. 6 Optical microscopy images of etching masks obtained after coating and lift-off of 4H-SiC substrates with poor and

good lithographic quality. (a) Poor lithographic quality; (b) good lithographic quality
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Fig. 8 Influence of etching time. (a)-(c) Height difference 45 measured by step profiler; (d)-(f) SEM images of SiC with etching

time of 200, 400, and 600 s, respectively; (g) etching rate of 4H-SiC substrate; (h) etching rate of Ni mask; (i) RIE

etching selection ratio of Ni to 4H-SiC
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Fig. 9 Schematic illustration of actually measured step height. (a) Step height 4, after lift-off; (b) step height 4, after RIE etching;

(c) step height & after removal of mask
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Fig. 10 Influence of etching time after process improvement. (a) Etching rate of 4H-SiC substrate; (b) etching rate of Ni mask;

(¢) RIE etching selection ratio of Ni to 4H-SiC; (d)-(f) SEM images of SiC after etching 200, 400, and 600 s,
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